Aim. To determine whether the serum level of NGAL can discriminate cholangiocarcinoma from benign biliary tract disease in patients. Methods. This study was performed according to a prospective-specimen-collection, retrospective-blinded-evaluation (PRoBE) design. A total of 50 cholangiocarcinoma and 50 benign biliary tract disease cases were randomly selected from a cohort of consecutive cases of biliary tract diseases. Their sera were measured for the levels of NGAL and the widely used serum cholangiocarcinoma marker, carbohydrate antigen 19-9 (CA19-9). Results. The serum CA19-9 and NGAL levels were significantly elevated in cholangiocarcinoma patients (CA19-9: P < .001, NGAL: P < .001). The area under the curve (AUC) of a receiver operating characteristic (ROC) curve analysis for the diagnosis of cholangiocarcinoma of CA19-9 and NGAL was 0.81 and 0.79, respectively. Conclusion. The diagnostic accuracy of serum NGAL and CA19-9 makes them good candidates for use as biomarkers to discriminate cholangiocarcinoma patients from benign biliary tract disease patients.
Introduction
Cholangiocarcinoma (CCA) is one of the most aggressive malignant tumors and is associated with local invasiveness and a high rate of metastasis [1, 2] . Most cholangiocarcinoma patients present with symptoms of biliary tract obstruction. However, many cases of benign biliary tract diseases also present with similar clinical symptoms [3] . In addition, this tumor typically grows along the bile duct without projecting outward from the bile ducts as a forming mass. Computed tomography (CT), ultrasound, and magnetic resonance imaging (MRI) are often inadequate to reveal this lesion [4] . Therefore, identification of tumor markers in the serum would be beneficial in the clinical management of this disease.
Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kDa glycoprotein that belongs to the lipocalin superfamily and is characterized by its low molecular weight and its ability to bind to and transport a variety of hydrophobic ligands such as fatty acids, retinoids, and pheromones [5] . High NGAL expression has been reported in various cancers including colon cancer [6] , breast cancer [7, 8] , ovarian cancer [9] , pancreatic cancer [10] , and lung cancer [11] . Recently, we detected the expression of NGAL protein by immunohistochemistry in 24 paraffin-embedded cholangiocarcinoma specimens. We found that all cholangiocarcinoma specimens (24/24 cases) demonstrated the signaling for NGAL expression and intense expression of NGAL protein was noted in 75.0% (18/24 cases) of cholangiocarcinoma specimens [12] . In addition, we demonstrated that knockdown of NGAL gene expression by siRNA significantly suppressed in vitro invasiveness activity of cholangiocarcinoma cells [12] .
Previous studies showed that the serum level of NGAL is significantly elevated in many types of cancers, including gastric cancer, nonsmall cell lung cancer, and hepatocellular carcinoma [13] [14] [15] . However, there are no studies on the serum levels of NGAL in cholangiocarcinoma patients. Therefore, the aim of the present study was to determine serum NGAL concentrations in these patients. In addition, the diagnostic sensitivity, specificity and area under the receiver operating characteristic (ROC) curves of serum 2 International Journal of Hepatology NGAL for differentiating cholangiocarcinoma from benign biliary tract disease patients were defined and compared with the values of carbohydrate antigen 19-9 (CA19-9), which is the common marker for cholangiocarcinoma [16, 17] . To avoid selection bias, this study was designed as a nested case control study [18] that involved prospective collection of specimens before outcome ascertainment from a study cohort of patients with symptoms of biliary tract obstruction. The serum values of NGAL and CA19-9 were assayed in a blinded fashion in sera from randomly selected case patients (cholangiocarcinoma) and control subjects (benign biliary tract diseases) within the study cohort.
Materials and Methods

Study Design.
This study was performed within the Department of Surgery, Rajavithi Hospital. The local ethics committee approved the study protocol. Sample size was determined on the basis of an expected area under the ROC curve of NGAL serum levels for the diagnosis of cholangiocarcinoma. There are no previous studies concerning the accuracy of serum NGAL in the diagnosis of cholangiocarcinoma. Therefore, we suggested that for the detection of serum NGAL to be clinically helpful, the area under the ROC curve (AUC) of serum NGAL should be higher than 0.70 in the diagnosis of cholangiocarcinoma. By using a significance level of 0.05 (two-sided) and a power of 0.95, we determined that a sample of 50 cholangiocarcinoma patients was required for the study [19] . This study was carried out according to a prospective-specimen-collection, retrospective-blinded-evaluation (PRoBE) design [18] . We prospectively included consecutive patients with symptoms of obstructive jaundice who had undergone ERCP, PTBD, or bile duct surgery during a period from June 2008 to March 2010. After the diagnosis of these patients was ascertained, we randomly selected 50 cases of cholangiocarcinoma and 50 cases of benign biliary tract diseases and assayed their values of serum NGAL. Because increased serum NGAL concentrations have also been found in renal insufficiency conditions [20] , we therefore excluded patients with renal insufficiency.
Serum Collection and the Measurement of Serum
Biochemistry. After receiving informed consent from the patients, 5 mL fasting peripheral venous blood was collected at the time before the procedures (ERCP, PTBD, or bile duct surgery). The serum was separated and stored at −78
• C within 2 h. Assays for the serum levels of albumin, globulin, AST, ALT, total and direct bilirubin, alkaline phosphatase (ALP), and CA19-9 were conducted using routine automated methods in the Rajavithi Hospital Pathological Laboratory.
Measurement of Serum NGAL Levels.
The serum levels of NGAL were measured using an enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN). The diluted serum samples were added in duplicate to 96-well plates coated with NGAL antibody. After incubation at room temperature for two hours, the conjugated secondary antibody was added. The substrate solution was then added to the plates and incubated for one hour. Following termination of the reaction with the stop solution (1 M sulfuric acid), the optical density was measured at 450 nm using a spectrophotometric microplate reader. The concentration of NGAL in each sample was calculated from a standard curve. The scientist examining these serum specimens was blinded to the patient's diagnosis.
Statistical Analysis.
Data are presented as the mean ± SD, unless otherwise stated. Comparisons between the quantitative variables were performed using the MannWhitney U or Student's t-test, as appropriate. Qualitative variables were reported as counts, and comparisons between independent groups were performed using Pearson Chisquared tests. P values <.05 were considered significant. An ROC curve was generated by plotting the sensitivity against 1-specificity, and the area under the curve with 95% confidence intervals was calculated. The optimal cutoff points for NGAL were selected based on the ROC curve analysis. Sensitivity, specificity, positive predictive value, and negative predictive values were calculated using a 2 × 2 table of the collected data.
Results
Patient Characteristics.
A total of 221 obstructive jaundice patients were enrolled. Then 50 cholangiocarcinoma and 50 benign biliary tract disease cases were randomly selected. The benign biliary tract diseases (control group) included intrahepatic duct stones (6 cases), common bile duct stones (42 cases), and benign bile duct strictures (2 cases). The cholangiocarcinoma cases included perihilar cholangiocarcinoma (36 cases), intrahepatic cholangiocarcinoma (9 cases), and middle and distal common bile duct cancer (5 cases). As shown in Table 1 , no statistically significant differences in gender, age, serum BUN, creatinine, globulin, and ALT levels were identified among the data from the control patients when compared to the cholangiocarcinoma patients. However, the levels of serum bilirubin and ALP were significantly higher in cholangiocarcinoma patients than in the control patients.
Serum Levels of CA19-9 and NGAL in Cholangiocarcinoma and Benign Biliary Tract Diseases.
The serum CA19-9 and NGAL levels were compared between the two disease groups. The median values of serum CA19-9 and NGAL levels in the control group were 10.6 U/mL (range: 0.60-3660.00 ng/mL) and 80.7 ng/mL (range: 29.71-261.07 ng/mL), respectively. The median values of serum CA19-9 and NGAL levels in the cholangiocarcinoma group were 636.7 U/mL (range: 0.6-71,000 U/mL) and 156.15 ng/mL (range: 56.49-280.77 ng/mL), respectively. As shown in Figures 1(a) and 1(b) , serum CA19-9 and NGAL values were significantly higher in cholangiocarcinoma cases when compared to the control patients (CA19-9: MannWhitney U test; P < .001 and NGAL: Mann-Whitney U test; P < .001). Box plots comparing levels of NGAL and (d) CA19-9 between early and advanced stages of cholangiocarcinoma and control are illustrated. Levels of NGAL are presented as ng/mL, whereas CA19-9 is presented with the log data to accommodate the wide range. ( * ; Mann-Whitney U; P < .001 compared to control, * * ; Student's t-test; P < .001 compared to control, * * * ; Kruskal-Wallis test; P < .001 compared to control, * * * * ; ANOVA; P < .001 compared to control). LR+; positive likelihood ratio, LR; negative likelihood ratio, CI; confidence interval. * ; Combination of NGAL (cut-off value = 110 ng/mL) and CA19-9 (cutoff value = 100 U/mL). Moreover, we also classified cholangiocarcinoma patients into two groups: early (TNM stage I and II; 8 patients) and advanced (TNM stage III and IV; 42 patients) stages. The data shown in Figure 1(c) demonstrate that the NGAL levels tended to increase according to the progression of cholangiocarcinoma. The serum NGAL values were significantly different between early and late stages of cholangiocarcinoma (ANOVA; P < .001). Although the serum CA19-9 values in the early and late stages of cholangiocarcinoma were significantly higher than in the controls (Kruskal-Wallis test; P < .001), the values were not significantly different between the early and late stages of cholangiocarcinoma (Figure 1(d) ).
Correlation between NGAL, CA19-9, and Other Blood
Chemistry. The correlation between the values of serum BUN, creatinine, albumin, AST, ALT, ALP, total bilirubin, CA19-9 and NGAL were investigated. As presented in Table 2 , the level of serum NGAL was significantly correlated with serum CA19-9, albumin, and total bilirubin, although none of these parameters have a large Pearson's correlation coefficient (>0.7). We suggest that the significant correlation of these blood chemistries with serum NGAL is caused by the high number of samples used in this study.
Serum Levels of CA19-9 and NGAL for the Diagnosis of Cholangiocarcinoma.
The diagnostic accuracy of serum CA19-9 and NGAL levels for differentiating cholangiocarcinoma from benign bile duct diseases was tested using an ROC curve analysis. The AUC of the ROC curve for serum CA19-9 and NGAL was 0.81 (95% CI 0.725-0.899) and 0.79 (95% CI 0.703-0.811), respectively ( Figure 2) . The sensitivity and specificity and positive and negative predictive values for selected cut-off points of CA19-9 and NGAL are presented in Table 3 . The sensitivity of the combination of serum CA19-9 and NGAL in these patients is considerably better than either alone, with a combined sensitivity of 90%, and a combined specificity of 66% (slightly reduced).
Discussion
To our knowledge, this is the first study to assess serum NGAL and CA19-9 levels in patients with cholangiocarcinoma. Until now, there are two common tumor markers used for detecting cholangiocarcinoma, carcinoembryonic antigen (CEA), and CA19-9 [16] . CEA is nonspecific and can be elevated in the setting of other gastrointestinal or gynecologic malignancies or other bile duct pathologies, such as cholangitis and hepatolithiasis [21] . Our previous study demonstrated that the sensitivity and specificity of CEA as a marker for detecting cholangiocarcinoma are only 58.54% and 62.50%, respectively [17] . Therefore, we did not include the measurement of serum CEA in this study. Here, we demonstrated the statistically significant difference in the serum NGAL levels between cholangiocarcinoma patients and control patients (benign biliary tract diseases). When comparing the AUC of the ROC curve for CA19-9 and NGAL with a chance value equal to 0.5 (the worst value of AUC of ROC), both the AUC of the ROC for CA19-9 and NGAL were significantly higher than 0.5. This study demonstrated that the sensitivity of the combination of serum CA19-9 and NGAL for the detection of cholangiocarcinoma is promising (a combined sensitivity of 94%). This finding indicates that the serum values of CA19-9 and NGAL may be used as a biomarker to discriminate cholangiocarcinoma from benign biliary tract disease patients.
Although, in this study the significant differences between the cholangiocarcinoma and benign biliary tract diseases patients regarding to the values of serum AST, ALT, total bilirubin and albumin were identified. The Pearson's correlation coefficient between these serum biochemistries and serum NGAL was not high (<0.7). We suggest that the value of NGAL does not depend on these serum biochemistries. However, further studies, which classified the value of serum NGAL in the patients with different levels of these serum biochemistries should be performed.
The strength of the present study was in the implementation of PRoBE designs to avoid the problems of bias that may affect studies of the diagnostic test [18] . We collected serum from all obstructive jaundice patients before the diagnosis of cholangiocarcinoma or benign biliary tract diseases had been determined. This procedure ensured that biases related to differences in sample collection and handling would be avoided. Limitations of this design include the fact that the majority of the study participants were in advanced stages of cholangiocarcinoma. The number of patients with early-stage cholangiocarcinoma was small (n = 8). Further prospective multicentric studies, which should include a greater number of early-stage cholangiocarcinoma cases, need to be done to evaluate the roles of NGAL in early detection of cholangiocarcinoma, correlation with the grade of cholangiocarcinoma, and oncologic followup should be performed. In addition, this study was performed in the referral center, which has a high prevalence of cholangiocarcinoma cases. As a result, the findings may not be broadly applicable to other hospitals that typically have a lower volume of cholangiocarcinoma cases.
In conclusion, this study demonstrated that serum NGAL and CA19-9 levels are significantly elevated in cholangiocarcinoma patients. These markers have the potential to be used as tumor markers for the discrimination of cholangiocarcinoma patients from benign biliary tract disease patients.
